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CONVERSION FACTORS AND VERTICAL DATUM

Multiply

acre

acre-foot

cubic foot per second (ft^/s)

foot per day (ft/d)

foot squared per day (ftfyd)

foot (ft)

inch (in.)

mile (mi)

square mile (mi2)

By

4,047

1,233

0.02832

0.3048

0.09290

0.3048

25.4

1.609

2.590

To obtain

meter squared

cubic meter

cubic meter per second

meter per day

meter squared per day

meter

millimeter

kilometer

square kilometer

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:

°F = 9/5(°C) + 32.

Degree Fahrenheit (°F) may be converted to degree Celsius (°C) by using the following equation:

°C = 5/9 (°F-32).

Sea level: In mis report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)  a geodetic datum derived 
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
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Steady-State Simulation of Ground-Water Flow 
in the Blaine Aquifer, Southwestern Oklahoma 
and Northwestern Texas

By D.L Runkle andJ.S. McLean

Abstract

A generalized finite-difference ground- 
water flow model was prepared for the Blaine 
aquifer in southwestern Oklahoma and northwest 
ern Texas. This report releases the model for use 
and modification. A grid of 1-square-mile nodes 
was established over the area, with 1,030 of the 
nodes actively simulated in the model. The 
steady-state model simulation used an average 
recharge rate of 1.5 inches per year and three val 
ues of hydraulic conductivity: 71,17, and 4.2 feet 
per day. About 29 percent of the simulated 
recharge was discharged as pumpage from wells, 
and the remainder was discharged to rivers and 
creeks within and adjacent to the study area.

INTRODUCTION

litigators in southwestern Oklahoma and north 
western Texas rely on the cavernous Blaine aquifer to 
supply water for the irrigation of about 200,000 acres. 
The Oklahoma Water Resources Board requires infor 
mation on the ability of the aquifer to sustain this devel 
opment. To define ground-water flow in the aquifer, the 
U.S. Geological Survey, in cooperation with the Okla 
homa Water Resources Board and the Oklahoma Geo 
logical Survey, began a study of the hydrology of the 
Blaine aquifer in 1986.

Purpose and Scope

The purpose of this report is to present a simpli 
fied conceptual model of the ground-water hydrology 
of the Blaine aquifer, to test the conceptual model using 
a numerical model of ground-water flow, and to make 
the numerical model available for use and improve 
ment by the cooperators and other interested parties.

Location of the Study Area

The study area includes the most productive 
parts of the Blaine aquifer in southwestern Oklahoma 
and northeastern Texas (fig. 1), an area of approxi 
mately 4,400 mi2. The study area includes all or part of 
Harmon, Jackson, and Greer Counties in Oklahoma; 
and all or part of Hardeman, Collingsworth, and Chil- 
dress Counties in Texas (fig. 2).

General Geology

The Blaine Formation is of Permian (Guadalu- 
pian) age. It consists mostly of massive beds of gyp 
sum and anhydrite, with lesser thicknesses of dolomite 
and shale. Within the study area, the Blaine Formation 
reaches a maximum total thickness of 215 feet. It dips 
to the southeast at about 5 to 45 feet per mile, and thins 
toward the erosional limit in the east.

The Blaine Formation is underlain by the Flow 
erpot Shale, which consists of reddish-brown shale 
with thin interbeds of gypsum, dolomite, siltstone, 
sandstone, and greenish-gray shale. The upper part of 
the formation contains several hundred feet of rock salt 
and salty shale in the western part of the study area 
(Steele and Barclay, 1965). The Dog Creek Shale, 
overlying the Blaine Formation, consists of a thick 
sequence of reddish-brown shales containing thin inter 
beds of gypsum, dolomite, and, in the lower part, 
greenish-gray shale. The gypsum and dolomite beds 
are mainly in the lower 60 feet of the Dog Creek Shale 
and are generally much thinner than those in the Blaine 
Formation; thus the Dog Creek is considered to be a 
shale formation where more than 60 feet thick.

HYDROLOGY

The Blaine aquifer, for the purposes of this 
report, consists of the Blaine Formation. The Blaine

Hydrology
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aquifer is a karst aquifer, created by the hydration of 
anhydrite to gypsum and the dissolution of gypsum 
along fractures and bedding planes. This dissolution 
has resulted in solution openings as large as 5 feet in 
diameter. The hydraulic conductivity of the aquifer 
therefore is variable over short distances, depending on 
the size, degree of interconnection, and number of solu 
tion openings present.

The dissolution of gypsum that enhances the 
hydraulic conductivity of the Blaine aquifer is greatest 
where the overlying Dog Creek Shale is thin (less than 
60 feet thick) or absent. Thus, the average hydraulic 
conductivity of the aquifer is greatest in these areas, 
and is least in areas where the thickness of the Dog 
Creek Shale is 60 feet or more. Steele and Barclay 
(1965) evaluated water-level changes in the vicinity of 
pumping centers and estimated that the average trans- 
missivity ranged from about 16,000 ft2/d (feet squared 
per day) to about 61,000 ft2/d.

The Blaine aquifer is recharged by direct infiltra 
tion of precipitation and by flow into the aquifer from 
sinking streams losing water to near-surface fractures 
and solution openings. Recharge also occurs through 
sinkholes and recharge wells. The recharge is greatest 
where the overlying Dog Creek Shale is less than 60 
feet thick. Elsewhere, a much smaller amount of 
recharge may occur as leakage through the Dog Creek 
Shale. Steele and Barclay (1965) used several water- 
budget methods to estimate that between 5 and 7.8 per 
cent of the normal annual precipitation of 24 inches 
recharges the aquifer.

Water in the aquifer moves generally southeast 
(fig. 3) with local movement towards streams, where 
ground-water discharges. Figure 3 is a general 
ground-water altitude map of the Blaine aquifer based 
on water-level measurements from selected wells in 
February 1988 and on the altitudes of flowing streams 
believed to be in hydraulic connection with the aquifer.

Water is removed from the aquifer by pumping 
wells or discharges by seepage to streams in hydraulic 
connection with the aquifer. Water also is discharged 
by evaporation and transpiration from riparian vegeta 
tion, although evaporation and transpiration were neg 
ligible during February 1988 when the water level and 
streamflow measurements were made. This compo 
nent of the water budget and a corresponding amount 
of recharge were therefore neglected in the evaluation 
of the hydrology of the area. An estimated 23,555.3 
acre-feet of water (Oklahoma Water Resources Board, 
written commun., 1994) was pumped from the aquifer

in 1987, mostly for irrigation. Principal streams in the 
area receiving ground-water discharge are Buck Creek, 
Turkey Creek, Gypsum Creek, and Sandy (Lebos) 
Creek, as well as some reaches of the Red River and the 
Salt Fork of the Red River. Base-flow measurements 
were made on these streams to provide information on 
ground-water discharge. The total gain in base flow of 
these streams was about 57 ft3/s (cubic feet per second) 
in February 1988.

MODEL DESCRIPTION

A simplified, steady-state model of the Blaine 
aquifer was prepared to evaluate average conditions in 
the aquifer and to test concepts of ground-water flow in 
the system. The area was divided into model nodes, 
representing 1-square-mile segments of the aquifer 
(fig. 4). A total of 43 rows and 47 columns of nodes 
were used. Of the 2,021 square miles represented by 
this model grid, only 1,030 square miles are repre 
sented by active nodes. The area simulated is bounded 
on the north by the Salt Fork of the Red River, on the 
east by the erosional boundary of the aquifer, on the 
south by the Red River, and on the west by Buck Creek 
and a ground-water divide north of Buck Creek. The 
area includes the communities of Hollis, Vinson, Reed, 
Duke, Eldorado, and Wellington.

The finite-difference modular model code of 
McDonald and Harbaugh (1988) was used in the simu 
lation. The results of the simulation are shown in 
Attachments A and B, at the end of this report. The 
modular model uses consistent units in simulations. 
The units of length used in this simulation are feet and 
the units of time are days. The reader needs to refer to 
the model documentation (McDonald and Harbaugh, 
1988) when interpreting this attachment. The simula 
tion was evaluated using the Modular Model Statistical 
Program (MMSP) of Scott (1990). These results are 
shown in Attachment B.

Hydraulic conductivity values for the aquifer ini 
tially were distributed into two zones based on the 
thickness of the overlying Dog Creek Shale. Where the 
shale was 60 feet or more in thickness, a value of 4.2 
ft/d (feet per day) was used and where the shale was 
less than 60 feet thick, a larger value of hydraulic con 
ductivity was used. The area of large hydraulic conduc 
tivity later was subdivided into two zones of 17 and 71 
ft/d during model adjustments.

Steady-State Simulation of Ground-Water Flow in the Blaine Aquifer, Southwestern Oklahoma and Northwestern Texas
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Boundary Conditions

The model grid and boundary conditions are 
shown in figure 5. The active area of the model is 
bounded implicitly by a no-flow boundary. The eastern 
and northeastern boundaries are the limits of saturation 
in the aquifer, near the physical limit of the aquifer. 
The southern boundary coincides with the Red River, 
and is represented by river nodes. The southwestern 
boundary representing Buck Creek is simulated using 
drains. The northwestern boundary is poorly defined. 
However, because hydraulic conductivity in the Blaine 
aquifer decreases as the depth of burial increases to the 
west this boundary was represented as a no-flow 
boundary. Interior boundaries include part of the Salt 
Fork of the Red River and Gypsum, Turkey, and Sandy 
Creeks, each represented by drains. The widespread 
use of drains, rather than river nodes, allows possible 
simulated dewatering of these streams as a result of 
simulated pumpage.

The base of the aquifer is the Flowerpot Shale, 
which, because of its small hydraulic conductivity and 
saline water content, is considered to be a no-flow 
boundary. The top of the Blaine aquifer is either the 
land surface, where the aquifer is not confined, or the 
base of the overlying Dog Creek Shale. The data arrays 
representing the altitudes of the tops of the Flowerpot 
Shale and the Blaine aquifer are listed in Attachment A.

Recharge

An initial estimate of recharge was made by 
assuming that the system was in dynamic equilibrium, 
so that recharge was approximately equal to discharge. 
Recharge then was estimated by summing all (mea 
sured and estimated) streamflow gains in the area for 
February 1988. It was assumed that this initial estimate 
of about 140 ft3/s would represent the sum of direct 
recharge from precipitation and infiltration from small 
streams.

The model was developed to simulate the base 
flow of streams and water levels in wells during Febru 
ary 1988, and therefore can be assumed to represent 
diffuse ground-water flow through small fractures and 
solution cavities in the aquifer. However, during 
storms, runoff enters large conduits in the upper part of 
the system, and water levels rise to occupy conduits in 
the parts of the aquifer that are dry during the low-flow

periods. The model is not intended to represent these 
large flows in discrete conduits.

Discharge

Water is discharged from the aquifer as seepage 
to internal rivers and creeks, as seepage to peripheral 
rivers and creeks, and as pumpage from wells. The 
peripheral rivers and creeks can gain water from 
sources outside the simulated area, so only the internal 
reaches of rivers and creeks were used for the model 
adjustments. The streambed altitudes and conduc 
tances of rivers and creeks simulated as drains are 
listed in Attachment A. The stream altitudes, stream- 
bed altitudes, and streambed conductances for rivers 
likewise are listed in Attachment A. Discharge simu 
lated from nodes representing the internal drains was 
summarized using the program ZONEBUDGET (Har- 
baugh, 1990). This program summarizes the flow 
terms for specified zones within the model. The simu 
lation results for these and other nodes, as summarized 
by ZONEBUDGET, are listed in Attachment C.

Wells in the area are reported to have discharged 
23,555.3 acre-feet of water in 1987, mostly for irriga 
tion (Oklahoma Water Resources Board, written com- 
mun., 1994). This discharge of 32.53 tf/s was 
simulated by applying pumpage uniformly to the areas 
shown as irrigation areas on Plates 1 through 6 of 
Steele and Barclay (1965). An assumed pumping rate 
of 8,195 f^/d for each of the 343 nodes representing 
irrigation areas resulted in a discharge of 2.8 x 106 
ft3/d, equivalent to 32.53 ftVs, or 23,550 acre-feet per 
year. The nodes and pumping rates are listed in Attach 
ment A.

STEADY-STATE SIMULATION

A steady-state simulation of the Blaine aquifer 
was performed by adjusting hydraulic conductivity, 
conductance of streams and drains, and area! recharge 
to minimize the difference between measured and sim 
ulated water levels and between measured and simu 
lated total discharge to internal rivers and creeks. 
Implicit in the simulation is the assumption that the 
aquifer is in a state of long-term dynamic equilibrium, 
for which a steady-state simulation of the water levels 
and streamflow gains in February 1988 is a reasonable 
approximation. This assumption is supported by long-

steady-state Simulation
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term water levels in the area (Blazs and others, 1993) 
that show no systematic decline, and thus no long-teim 
decrease in storage.

Model Adjustments

Initial model simulations indicated that satura 
tion consistently was reduced to zero in an area repre 
sented by the northeast part of the model. After re- 
examining well data in the area, it was concluded that 
saturation in the area was thin and discontinuous, so 
nodes representing that area were made inactive. Sim 
ulations also indicated unsaturated conditions within 
the irrigation areas. Pumpage was eliminated from 
these nodes, based on the assumption that irrigation is 
not continuous or uniform within the irrigation areas, 
and that the small hydraulic conductivities in these 
areas, which caused the nodes to go dry, are more likely 
to be correct than the pumpage.

Simulations using a uniform hydraulic conduc 
tivity for the zone of large hydraulic conductivity were 
unable to reproduce the difference in gradients between 
the northeast and northwest parts of the model, so the 
zone was subdivided, and the hydraulic conductivity in 
the northeast reduced, as indicated by the hydraulic 
conductivity array in Attachment A. The hydraulic 
conductivity and the net recharge rate were adjusted 
until a reasonable agreement between measured and 
simulated heads and between measured and simulated 
total discharge to interior drains was achieved.

The initial recharge estimate of about 140 ftVs 
was modified during model adjustments. Overall 
recharge was adjusted simultaneously with hydraulic 
conductivity so that the simulated discharge of streams 
was maintained as the agreement between measured 
and simulated water levels was improved. The result 
ing recharge estimate of 5.8x 10"4 ft/d was applied uni 
formly to the area of the model that represents the area 
in which the aquifer is overlain by less than 60 feet of 
Dog Creek Shale. A smaller component of recharge, 
2.32 x 10"5 ft/d, was applied to the remaining model 
nodes representing areas overlain by 60 feet or more of 
Dog Creek Shale, to simulate leakage through the 
shale, as listed in Attachment A. The resulting adjusted 
rate of recharge was 113 ft3/s.

Simulation Results

The error at each node in the model is denned as 
the difference between the measured and simulated 
water levels. The average error for the 1,030 active 
nodes in the model was 4.39 feet, the average absolute 
error (the average of the errors for all active nodes, 
regardless of sign) was 13.5 feet, and the standard devi 
ation of the error was 18.3 feet. Measured and simu 
lated water levels are shown on figure 6. The largest 
differences between measured (or interpolated) water 
levels and simulated water levels occur in the north- 
central part of the model, in an area with little well con 
trol. Large errors also are present in the extreme north 
east part of the model and in the southeast corner; 
however, there are no wells in these areas. Thus, addi 
tional effort in improving the agreement in these areas 
would be unproductive.

The net simulated recharge of 113 ft3/s is bal 
anced by well pumpage of 32.5 ft3/s (29 percent), dis 
charge to small streams and creeks of 65 ftVs (58 
percent) and discharge to the main stem of the Red 
River of about 15 ft3/s (13 percent). The recharge rate 
of 113 ft3/s over the area of the active nodes (1,030 
mi2) produces an average recharge rate of 0.12 foot, or 
about 1.5 inches, per year. This is 6.3 percent of the 
average of 24 inches per year of precipitation in the 
area, within the range of 5 to 7.8 percent estimated by 
Steele and Barclay (1965, p. 2).

Measured and simulated ground-water discharge 
to rivers and creeks are shown in table 1. The measured 
and simulated discharges are in general agreement; 
however, the model simulates too much of the dis 
charge moving to Sandy Creek, Buck Creek, and a 
reach of the Red River, and not enough moving to Tur 
key and Gypsum Creeks. Varying the conductances of 
streams and drains was insufficient to correct the 
imbalance in discharges. This could be due to errors in 
the assigned distributions of hydraulic conductivity, 
pumping within or between the irrigation areas, or 
recharge. Insufficient simulated flows in Gypsum 
Creek may be due to an error in the extent of the zone 
of lesser hydraulic conductivity in the easternmost sim 
ulated reach of the creek. Because the Blaine aquifer is 
a karst aquifer, large local variations in the hydraulic 
conductivity and recharge (due to sinking streams) are 
likely. The kind of detailed analysis needed to evaluate 
the possible errors and make the necessary modifica 
tions is beyond the scope of this simplified model anal 
ysis.

Simulation Results 9
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Table 1. Measured and simulated discharge to rivers and 
creeks

, cubic feet per second]

Stream

Buck Creek

Salt Fork of 
the Red River

Turkey Creek

Sandy Creek

Gypsum 
Creek

Red River

Total

Measured, 
February 

1988 
(ft3/*)

12.2

3.1

26.7

15.9

8.5

6.9

73.3

Simulated 
(ft3/*)

15.5

4.1

18.3

20.1

7.1

9.1

74.2

Zone in 
Attachment

B

2

5

6

7

8

9

The values of hydraulic conductivity for the sim 
ulation were 71 ft/d in the zone of greatest hydraulic 
conductivity and 17 ft/d in parts of the northeastern part 
of the area. Where the full thickness of the Blaine 
aquifer is present, about 200 feet, this would be equiv 
alent to transmissivities of about 14,000 ftfyd and 3,400 
ft2/d. These values are considerably less than the val 
ues of 61,000 to 16,000 ftfyd derived from analysis of 
pumping centers by Steele and Barclay (1965), sug 
gesting that local areas of greater transmissivity are 
imbedded in regions with a smaller effective transmis 
sivity. This is consistent with the observed heterogene 
ity of karst systems.

SUMMARY AND CONCLUSIONS

be placed in the closely related estimates of leakage 
and hydraulic conductivity in these areas.

The model reasonably simulates the base flow of 
streams and water levels in wells during February 
1988, and therefore can be assumed to represent diffuse 
ground-water flow through small fractures and solution 
cavities in the aquifer. During periods of large rainfall, 
storm runoff enters large conduits in the shallow part of 
the system, and water levels rise to occupy conduits in 
the parts of the aquifer that are dry during low-flow 
periods. The model cannot represent these large flows 
in discrete conduits, and therefore should not be 
expected to simulate high-flow conditions.

Variations in the conductances of streams and 
drains are insufficient in themselves to account for the 
excess simulated discharge in drains such as that repre 
senting Sandy Creek. Additional information is 
needed to account for the excess. Insufficient simulated 
flows in Gypsum Creek may be due to an error in the 
extent of the zone of lesser hydraulic conductivity in 
the easternmost simulated reach of the creek.

This report releases the ground-water flow model 
for use and modification. Additional data could be col 
lected, or existing data used, to provide additional tests 
and refinements. The simplified simulation in this 
report presents only the general features of the ground- 
water system. Useful refinements would include 
improved estimates of the rate and distribution of 
pumpage and recharge, improved understanding of the 
hydraulic conductivity of deeply buried parts of the 
Blaine aquifer, local variations in the hydraulic con 
ductivity, and rates of leakage from the Dog Creek 
Shale. Additional improvements in the understanding 
of the system could be achieved by conducting tran 
sient simulations on a seasonal or long-term basis. 
Attention needs to be given to boundary conditions in 
the model to ensure that they remain valid as other 
characteristics of the model are changed.

A simplified simulation of the Blaine aquifer 
indicates that the hydraulic conductivity generally is 
greater in the west and central parts of the area than in 
the northeast part of the area. The simulation was pro 
duced based on the assumption that the hydraulic con 
ductivity in the areas where the aquifer is overlain by 
more than 60 feet of Dog Creek Shale is substantially 
less than elsewhere. However, because of the paucity of 
water-level data in areas where the aquifer is deeply 
buried in the north and northwest, little confidence can
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ô
1

rH

o m
rH
*P
rH

o m
eg
*p
rH

o tn
co
*p
rH

o d
m
rH

o in

rH

o tn

rH

0 ifl"

rH

o d
VO

rH

° in
VO

rH

0 O 
CO

rH

O in

00

rH

° d °

5
rH

° in °'

5
rH

"   d
o
&i
 5P
T"1

° d °

° ° °
co
rH

d o d
co
rH

rH
CO

O 0
O
*P

rH

o m
o
*p
rH

o m
rH
^P

rH

o in
04
*p
rH

d r-*
eg
*p
rH

d d
co
*p
rH

o d 
co
rH

o d 
co
rH

o in 
co
rH

d in

rH

0 i^

m
rH

°' in 
m
rH

0 in 
r-

rH

O Q

00

rH

° d °
00

rH

° d °
00

rH

' . Q

^ o
00
 Q*
rH

° d °

^p
CO
rH

o o m r-
co
rH

04
co

o m
rH
*p
rH

0 0
04
*P
rH

o m
04
*3*
rH

O VO
04
*p
rH

O VO
eg
*p
rH

o m
04
*p
rH

o in
rH

rH

d d 
04
rH

0 o
co
rH

0 00 
CO

rH

0 in

rH

<=> m' 

m
rH

° 12

rH

O .r)
r-

rH

° in °'
r-

rH

° in °'
r-

rH

' . Q

^ o

0 d §

rH

0 o g
"3*
rH

d d °
rH
*P

rH

CO
co

o in
04
*p
rH

0 VO
O4
*P
rH

O VO
04
^P
rH

O VO
04

rH

o m
O4
*P
rH

d d
O4
*P
rH

o d
rH

rH

o in
04

rH

o tn
CO

rH

0 o

rH

0 o
m
rH

0 d
VO

rH

° in
VO

rH

O Q

r-

rH

° in °
VO

rH

° d °r-

rH

'   d
ON

^*
rH

0 d °,

rH

° d °
"3*
rH

O o ^eg
rH

*P

CO

o m
eg
T
rH

o m
04

rH

o m
04
^3*
rH

o m
04
rH

d d
04
 CP

rH

o ui
o
*p
rH

o in
0

rH

d d 
co
rH

o d

rH

0 d
m
rH

°' in 
m
rH

° d 
VO

rH

°* d 

VO

rH

o .f!
m
rH

d ' °
VO

rH

° d °'

  . ^

o eg
^*
rH

o d %

i-4

° ° £
^ji
rH

° ° oî
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ATTACHMENT C. ZONEBUDGET RESULTS FOR A STEADY-STATE SIMULATION OF 
GROUND-WATER FLOW IN THE BLAINE AQUIFER, SOUTHWESTERN OKLAHOMA AND 
NORTHWESTERN TEXAS

ZONEBUDGET version 1.00
Program to compute a flow budget for subregions of a model using
cell-by-cell flow data from the USGS Modular Ground-Water Flow Model

The cell-by-cell budget file is: 
budget

1 layers 43 rows 47 columns 

blaine aquifer, Oklahoma

The zone file is: 
zone.data

Zone Array for layer 1 will be read from the Zone File 
Zone Array for layer 1 will be read using format: (4712)

blaine aquifer, Oklahoma

Flow Budget for Zone 2 at Time Step 1 of Stress Period 1

Budget Term Flow (L**3/T)

IN:

OUT:

CONSTANT HEAD
WELLS

DRAINS
RECHARGE

RIVER LEAKAGE
Zone 0 to 2
Zone 9 to 2

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE-I-OO 
0.35702E+06 
O.OOOOOE+00 
0.14425E+07 
O.OOOOOE-I-OO

Total IN = 0.17996E-I-07

CONSTANT HEAD
WELLS

DRAINS
RECHARGE

RIVER LEAKAGE
Zone 2 to 0
Zone 2 to 9

Total OUT

IN - OUT

Percent Discrepancy

O.OOOOOE-I-OO 
O.OOOOOE-I-OO 
0.13408E+07 
O.OOOOOE-I-OO 
O.OOOOOE+00 
0.42488E+06 
33865.

0.17996E-I-07 

-0.46936

0.00
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blaine aquifer, Oklahoma

Flow Budget for Zone 3 at Time Step 1 of Stress Period 1

Budget Term Flow (L**3/T)

IN:

OUT:

CONSTANT HEAD =
WELLS -

DRAINS =
RECHARGE -

RIVER LEAKAGE =
Zone 0 to 3 »

Total IN =

CONSTANT HEAD -
WELLS =
DRAINS =

RECHARGE =
RIVER LEAKAGE -
Zone 3 to 0 =

Total OUT -

IN - OUT -

Percent Discrepancy =

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00
2587.1 
O.OOOOOE+00
9685.1

12272.

O.OOOOOE+00 
O.OOOOOE+00
12274. 

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00

12274. 

-1.9126

-0.02
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blaine aquifer, Oklahoma

Flow Budget for Zone 4 at Time Step 1 of Stress Period 1

Budget Term Flow (L**3/T)

IN:

OUT:

CONSTANT HEAD -
WELLS -

DRAINS -
RECHARGE =

RIVER LEAKAGE =
Zone 0 to 4 =

Total IN =

CONSTANT HEAD =
WELLS -

DRAINS =
RECHARGE =

RIVER LEAKAGE =
Zone 4 to 0 =

Total OUT =

IN - OUT =

Percent Discrepancy =

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00
18110. 

O.OOOOOE+00
13812.

31921.

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00 
31921.

31921. 

 0.18723E-01

0.00
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blaine aquifer, Oklahoma

Flow Budget for Zone 5 at Time Step 1 of Stress Period 1

Budget Term Flow (L**3/T)

IN:

OUT:

CONSTANT HEAD =
WELLS * 
DRAINS =

RECHARGE =
RIVER LEAKAGE -
Zone 0 to 5 -

Total IN =

CONSTANT HEAD =
WELLS -

DRAINS ~
RECHARGE -

RIVER LEAKAGE -
Zone 5 to 0 -

Total OUT ~

IN - OUT -

Percent Discrepancy -

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00
18757. 

O.OOOOOE+00 
0.41554E+06

0.43429E+06

O.OOOOOE+00 
O.OOOOOE+00 
0.35026E+06 
O.OOOOOE+00 
O.OOOOOE+00 
84047.

0.43431E+06 

-15.364

0.00
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blaine aquifer, Oklahoma

Flow Budget for Zone 6 at Time Step 1 of Stress Period 1

Budget Term Flow (L**3/T)

IN:

OUT:

CONSTANT HEAD -
WELLS =
DRAINS -

RECHARGE »
RIVER LEAKAGE =
Zone 0 to 6 =

Total IN =

CONSTANT HEAD =
WELLS -

DRAINS =
RECHARGE =

RIVER LEAKAGE =
Zone 6 to 0 =

Total OUT -

IN - OUT =

Percent Discrepancy =

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00 
0.35767E+06 
O.OOOOOE+00 
0.14993E+07

0.18569E+07

O.OOOOOE+00 
0.17210E+06 
0.15807E+07 
O.OOOOOE+00 
O.OOOOOE+00 
0.10420E+06

0.18570E+07 

-62.565

0.00
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blaine aquifer, Oklahoma

Flow Budget for Zone 7 at Time Step 1 of Stress Period 1

Budget Term Flow (L**3/T)

IN:

CONSTANT HEAD
WELLS

DRAINS
RECHARGE

RIVER LEAKAGE
Zone 0 to 7
Zone 10 to 7

OUT:

CONSTANT HEAD
WELLS

DRAINS
RECHARGE

RIVER LEAKAGE
Zone 7 to 0
Zone 7 to 10

Total OUT

IN - OUT

Percent Discrepancy

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00 
0.42041E+06 
O.OOOOOE+00 
0.29930E+07 
O.OOOOOE+00

Total IN - 0.34134E+07

O.OOOOOE+00 
0.20488E+06 
0.17387E+07 
O.OOOOOE+00 
O.OOOOOE+00 
0.14275E+07 
42360.

0.34134E+07 

12.529

0.00
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blaine aquifer, Oklahoma

Flow Budget for Zone 8 at Time Step 1 of Stress Period 1

Budget Term Flow (L**3/T)

IN:

OUT:

CONSTANT HEAD -
WELLS -
DRAINS -

RECHARGE -
RIVER LEAKAGE =
Zone 0 to 8 -

Total IN -

CONSTANT HEAD -
WELLS -
DRAINS -

RECHARGE -
RIVER LEAKAGE -
Zone 8 to 0 =

Total OUT -

IN - OUT -

Percent Discrepancy =

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00
84081. 

O.OOOOOE+00 
0.71522E+06

0.79930E+06

O.OOOOOE+00
40975. 

0.61129E+06 
O.OOOOOE+00 
O.OOOOOE+00 
0.14703E+06

0.79929E+06 

8.2062

0.00
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blaine aquifer, Oklahoma

Flow Budget for Zone 9 at Time Step 1 of Stress Period 1

Budget Term Flow (L**3/T)

IN:

CONSTANT HEAD
WELLS

DRAINS
RECHARGE

RIVER LEAKAGE
Zone 0 to 9
Zone 2 to 9
Zone 10 to 9

Total IN

OUT

CONSTANT HEAD =
WELLS =

DRAINS =
RECHARGE =

RIVER LEAKAGE =
Zone 9 to 0 =
Zone 9 to 2 =
Zone 9 to 10 =

Total OUT =

IN - OUT =

Percent Discrepancy =

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00 
0.24254E+06 
O.OOOOOE+00 
0.64361E+06
33865. 

O.OOOOOE+00

0.92002E+06

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00 
0.78949E+06 
0.11779E+06 
O.OOOOOE+00 
12725.

0.92001E+06 

8.8111

0.00
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blaine aquifer, Oklahoma

Flow Budget for Zone 10 at Time Step 1 of Stress Period 1

Budget Term Flow (L**3/T)

IN:

CONSTANT HEAD
WELLS

DRAINS
RECHARGE

RIVER LEAKAGE
Zone 0 to 10
Zone 7 to 10
Zone 9 to 10

O.OOOOOE+00 
O.OOOOOE+00 
O.OOOOOE+00 
0.19403E+06 
O.OOOOOE+00 
0.26808E+06
42360.
12725.

Total IN = 0.51719E+06

OUT:

CONSTANT HEAD
WELLS

DRAINS
RECHARGE

RIVER LEAKAGE
Zone 10 to 0
Zone 10 to 7
Zone 10 to 9

O.OOOOOE+00
16390. 

O.OOOOOE+00 
O.OOOOOE+00 
0.49021E+06
10570. 

O.OOOOOE+00 
O.OOOOOE+00

Total OUT = 0.51717E+06

IN - OUT 

Percent Discrepancy

20.188

0.00
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